Methods:
Murine myoblast (C2C12) cell line was purchased from ATCC. Rat chondrosarcoma (RCS) cells were gifts courtesy of Dr. Lassar (Harvard Medical School) . C2C12 muscle cells were cultured at a confluency of 60-90%. The cells were seeded at a density of 5 x10 5 /collagen gel or per well of a 24 well plate. Cell images were visualized on Olympus IX71 microscope and Zeiss LSM510 confocal microscope. Cultures were fixed with 4% PFA, and then stained with H&E. Protein expression was analyzed by immunocytochemistry and Western Blot. Statistically significant differences (i.e. P<0.05, denoted as "*") were determined by one-factor ANOVA with post-hoc Tukey test using the statistics software SYSTAT12 (Systat). For muscle cells, we selected C2C12 (mouse muscle cells, Desmin-(+)), the most widely used muscle cell line in studying muscle differentiation and in muscle tissue engineering 5 . For cartilage cells, we selected RCS (rat chondrosarcoma cells), which has the same culture condition as C2C12 cells (DMEM with 10% FBS); and is a commonly used cell line for studying cartilage homeostasis, cell cycle control and cartilage matrix gene expression 6 . We found that when compared with RCS chondrocytes cultured alone, chondrocytes co-cultured with muscle cells exhibited stronger basophilic H&E staining, more intense alcian blue staining (Fig.1A, 1D ), as well as stronger expression of Collagen II and Collagen IX by analyses of immunocytochemistry (Fig.1B, C , E) and Western Blot (Fig.1F) . Furthermore, we also found that C2C12 muscle cells enhanced cartilage matrix production in bovine articular chondrocytes, and that non-muscle cell types do not exert this effect on chondrocytes (data not shown).
2. Muscle cell conditioned medium promote cartilage gene expression in chondrocyte in 2D and 3D cultures. To test if muscle cells promote cartilage matrix production by releasing secreted factors into the medium, we cultured RCS chondrocytes in C2C12 muscle cellconditioned medium (C2C12 CM). We noticed that chondrocytes cultured in the conditioned medium of C2C12 muscle cells looked rounder and less flattened than chondrocytes cultured in regular medium ( Fig.2A) , and have a more compact pattern of actin structure (Fig.2B) .
Furthermore, we found that chondrocytes cultured in muscle cellconditioned medium exhibited a higher level of Collagen II and Collagen IX protein expression in our quantification analysis of the immunofluorescent signals and Western Blot (Fig. 2C, 2D ). This result was also confirmed by another study using another muscle cell type (data not shown).
Muscle cells promote cartilage gene expression in chondrocyte in 3D co-cultures.
To evaluate the effect of muscle cells on cartilage gene expression in 3D cultures, we seeded RCS chondrocytes and C2C12 muscle cells into collagen gels. Strikingly, our bright field and scanning electron microscopic images showed that upon co-culturing, muscle cells formed a 3D lattice-like structure, separating the round chondrocytes into individual compartments (Fig. 3A) . Consistent with our 2D analysis, we found enhanced alcian blue staining and Collagen protein expression in co-cultured chondrocytes (Fig. 3C-D) . We further analyzed the mRNA expression of cartilage matrix genes by qRT-PCR. We found that muscle cells enhanced the mRNA expression of Collagen II and Aggrecan, but not Collagen IX (Fig.3E) .
Discussion:
We uncovered a novel mechanism of cartilage regulations that may lead to designs of new strategies in cartilage tissue engineerings. As we observed no contraction from muscle cells, we believe that muscle cells may secrete biochemical signals to regulate cartilage genes. Furthermore, this regulation may occur at the transcriptional and post-transcriptional level. 
